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B • Diaital Video Microwave Arthit~ture:

The ........... type ofJDicJowIM radio required to 1IUImitDiptal Video infonnali~n is considenbly diftCreDt (rom
dillu-' tor__ VIdeo trIII""iuimL Fipre 2 shows a simplifted block diapams ofa Dipal microwave system for
_iPiM ata"'e video picture. Tbe modulation pIOCeII is considerably dift'erent from AnaIoI moduJatioa. Here the
Video l1li Audio iDpIt sipals are ftnt cUlitized. then compreaed and ftnally combined with the dipl Data inputs. The
uait ....doeI1biIdiJitiziaI. c:ampnainl1IMl combiniDI il rd:md to as an Encoder. Generally the Encoder adds some
Forward !norCclnecdoa (FEC). Tho output from the Encoder is a digillJ bit stream in either serial or parallel Conn. The
autpIt iI..-JIy IDeUUIed in tenu mepbits per sec (MbitsIS). The output data rale from the Encocler depends on the
amcDIl of~ used aDd fEe. Typically the output dara rate would be in the range of 1.5 to 34 Mbitsls (some
applications require rates as hip as 45 Mbitsls).
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Single-Digital Video Heterodyne System
Figure 2

Jta ....video.lUdio..CDlDbillllion is to be uansmined as shown in Fipre 2, the Enc:oder output is dircctJy convened
10 a70 MHz1tP sipa1 in theDiIitaI Modulator. The modulation used in Digital Modulators typically is QPSK or multiple
level PSIC or QAM. 'Ibis type ofmodulation is considerable more complicated than the PM modulation used in analog
nIdioI. Boch QPSK and QAM use a combination of phase and amplitude to modulate the 70 MHz carrier.

Tho 70 MHz QPSK or QAM Dilital Modulator output is up~onverted (heterodyned) to the RF microwave frequency and
IIIIpIifIed in a linear type RF amplifier. The RF microwave signal is sent directly to the antenna or diplexer with other
microwave sipals.

At the receive ead the RFIi'" is down-coaverted to 70 MHz and the Digital Demodulator outputs the compressed data
streIm. The digital data stream is then decoded (uncompressed) in the Decoder to produce the final video. audios and data.
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At die....ad. ...Diahll DemcduJalor and Decoder components are general combined in a single receivcr with the
iIIput It70 MHz or L-blad (IRD).

Howm:r, depc.-.OII tbe ItIIIUfIctuJe, the type ofcompn:ssion used (MPEG-2, ETSI or other proprietary compression)
IDd die 1!Dcnderoatpat daIa rate, the demodulator and decoder may require specially desipeel boxes.

PipIe 3 sbows ablack diqram tor colDbiDins multiple video, audio and daaa onto I sinate microwave canier. Multiple
eDC'D dell are ... to diaitize, compa__combine the inputs from each source. The multiple encoder outputs are
cadi...by aM8bipJexcr tbIt outpull adi.... SU'CIDl at arate equal to the sum or the input data streams. That is, if two
!Dcoden output 15 MlNtsla and 10 Mbitsls respectively, then 1he multiplexer output will be at abOut 25 Mbitsls.

1'110 .....,.._ dllalill'ellD is teed to the Dilital Modulator that in tum converts 1he data from the Multiplexer to a
QPSK or QAM _ aq»IilUde modulated 70 MHz signal. The microwave heterodyne transmitter up-converts the 70
MHz to die cIeIiNd..Itins tnquency.

1'ypiaII1y, tbo ...... c:ompoaents on the transmitter end take on 1he fonn shown in Figure 3. However. some manufactures
iJdqrate the !ncoder, Multiplexer and 10 MHz Modulator into a single piece ofequipment
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Multiple Digital Video Heterodyne System
Figure 3

At'" ftlCCiver cad abe nUaowaveIi'" is down<onvcrtcd and dcmoduJatcd. The multiple encoded data is divided into
maIlipIe clIIaMII by !be DemultiplexerWore being decoded in individual Decoders. Often but not always, the
deeMlduIator. demuIIipIe:xer lUId decodinI are done in a single. less e."q)ensive Integrated Receiver Decoder (IRD).

It..be RDabenld rhIt diIita1 encoding and decoding U:Chnology is sdll evolving with standards SliD beina madiftcd orjust
......... Today'. prices will come down considerably over time u SIandards are eaablished and c:ompedtion incr_=5
,.., tMR lie It Ieut 10 JJ1IIDlfileturers of digital encoders and decoders. There are many more that are just Slanina
dIveIopment. Campetition will be very stronI in the coming years.
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C. NTSC .ad BDTV Dual Channel STL:

4 shows bow fbi N1'SC IIICl the HDTV tJ'aDIPOI' SUIIm can be simublDeO.IS1y aamiu.l from the 5lUdio to. the
~·I•• CMr."microwaveliDk. TheNfSC(orPAL-~compositesi~isdiam-andcamprmed~tbede:Md
0UIpa-. ie, 15-25 MbiDls. 1'b.is is c:ombinod with the 19.39 MbitIIs (or 4S Mitrls) HDTV UIIIIpOIt stram to yield an~
:c.... till DIIfIII Modulator of 34.4 for the 15 MbitIs cacocIer output (44.4 Mbitsls for 25 Mbitsls eacodcr 0UlJM)'.U~
a QPSK Mat....or the budwidth required to transmit the 34.4 MbiWs is about 22 MHz. UsiDI 16QAM the bIndwidrh IS

reduced to 11 MHz.IIIClJO MHz, which would be adequate for 7 or 13 GHz. For higher Nl'SC daIa rates or operation 12 GHz.
IPSK. or 16 QAM would be required.
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Dual Channel Digital Video sn for NTSe and BDTV
Fipre4

OIl .... naiwr ead, the reccMld sipIl is dcmaduIators and applied to two Decoders. The Nl'SC Decoder outpUll the
CDIIfllliB .. lido .... to be applied to the NTSC bUIIniacr. Tbeothcr Decoder acts as Demultiplexer and .... the
HDTV tlllJIPOI'l SbaU1l tbrouJh to the HD1V transmitter. NUCOMM orren • complete tumkey system tor this appkadoD.

D- DIGALOG - Dllita. " Analog Microwave System:

To meet the bIaIdcIsters immediate need for continued b'anSmission ofanalog signals today but to be ready for the coming
1IIDIitioa to eli..... NUCOMM has developed the DIGALOO FT6IFR6 Radio system. The DIOALOG Radio operates as
.....radio today but is conftpred tor digital operation tomorrow. Fipre .s shows a block diqram oftbe DIGALOG
F1'6 trIDIIIlitW thIt can operate in both Analog and Digital modes. The Analog Modulator is supplied for anaIol operation.
Tbe DilitlllADIIoa power amplifier is operated in its Analog mode for maximum power outpuL When the user is ready to
SO diJ,itIl, the DiPal Modulator can be added to the same two rack high unit. Asingle switch on the inside of the hnt
pIDd switebes the power amplifier to its Digital mode.

FipIe 6 sbows • b1oc:k diasram of the DIGALOG FR6 AnaloglDigitaJ microwave receiver. The receiver is supplied with
1D..aoa demodulator for analol operation. Adigital demodulator can be installed at a later time. Two IF bandwidtbs, 30
aad.5 MHz. an: provided in the IF amplifier. The 30 MHz bandwidth filter is to be used for analog or low data rate digital
operation. For data rates of45 Mbitsls or higher. the 45 MHz bandwidth filter is switched in
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E - DATA RATE vena BANDWIDTH ofa Digital Video Microwave System:

!quIIIiaIll.l below ddIDes the Bandwidth required to transmit a bit stream of a given data rate. The shape ofthe
aumaiUed spectrum wiJllike that shown in Figure IB. The uansmittcd bandwidth is a func:lion of input Data Rate (Za).
ModuJaUon Coding (M) for such methods as QPSK. 8PSK and 16QAM. Forward Error Correction and the Spectrom Shape
Factor «(I).

BlDdwidth • .(1+a)2: Z. MbitslleC

FEe * M (1.1)

where I:.,Za. Sum of DataRates from one or multiple Encoders in Mbiwscc.
FEe - VC·RS

PEe • Fcnud crrar c:omction ; rrno FEC is used, then FEe=I
VC· ViIabi CodiDI: '1')'pical 112, 113, 5/6. 3/4. 118and
:as. Roed-Solamoo: Typic:al188l204. 19212Ofl.

M = 2, 3. 4. S. 6. 7. 8 :CodiJlg level ofthe Modulator: see TABLE 1.

a. = SpcctJB1 Shaping Factor.

Table 1 gives the values for M. the Modulation Coding, for common forms of modulation used in digital systems. Also

...is tile bit dftciency. in BitsIHzIs. for each fonn of modulation for a typical a. = 0.2. Note that as M inc:reascs. the

........ bllldwiddl to tllDSmit a given data rate decreases by the BitsIHzls number (assuminl PEC-I). AJso. as the
~Iari<'" Coding number M iDcrasa. the required received carrier-to-noise (CJN)"lcvel must increase for a Jiven Bit
I!nwRate. 'Ibis is the price we must pay for better transmission efficiency. The CJN for each M is given for a nonnalized
CIN power ratio corresponding to aBER of IXI0~. .

['YDaO lion
TYPE M Bitslllzls CIN

OF -..M (dB)
MOD. (1-+«)

PSK 1 .833 10
OPSK 2 1.66 10
IPSK 3 2.~ 14

16<~ 4 3.33 17
64(~ 6 5.00 23
156 )AM 8 6.66 28

Table 1
T fModuia .

Notes: l-Nonnalizecl camer-to-nolsc power ratio
corresponds to a BER of lXlO~.

2-Assumes No Error Correction
3-Assumes <1 =.20

TIle..robust and common form ofdiptal modulation is QPSK. From Table 1. it can be seen that this will result in a,.ftiddlnduction of 1.66. In many cases more bandwidth reduction may be required such as 3.33 for 16QAM or 5.0 for
64QAM. As the coding awnber inaases, the signal will become much more susceptible to RF inted'erenc:e. multi-path
~ etc. Also the system pin decreases substantially due to lower available output power and the requirement forhi'"n:ceive auricr levels for a given bit error rate.

Ia. m liak where straDa sipaJ levels are the nonn but pictW"C quality and link reliability arc important. the higher
...ofmocln...CD uaaaI.y be justified. However. in ENG links where muJti-palh and weak sipals are the norm
QPSK waulcI be the recommeaded fonn of modulation. Generally in ENG operations, gettiDl the picture tbrou&h is of
..... priority tbIa picture quality, therefore QPSK is recommended. To fit the Digital VJCIco data rate within the allocated
budwidtb, the Encoder data rate only needs to be reduced and the FEC adjusted to oblain a reliable picture. R.e:ducina the
data rate with today'! Encoders has linJe effect on the picture qualiry as will be shown from the test results given at the end.,
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oltbil ..... 'lbad'on, it becomes a judpucl'lt call on the pan ofthe ENG manapment whether to live up some picture
quality for a reduced bIDdwidth. There may be no other option as the 2 OHz allocated bandwidths are turthcr~ by
the FCC.

, • Typical AnalOi VI. Dilltal Performance:

Fi.- 7 shows the perfoJmInce ofan AnIlOl1inJc and a COIDJI8IIble DipalliJlk (IS sbown in Fipre 2, 3 or 4). The Analog
IiIIk IIIoM a video SIN of 70 dB for hip receiver input Ii.... JeveJs. AI~ sipallCYCl drops. the video SIN will bqin to
drop ia ana- reIIaioaIhip to the iDput ..... leveJ. WheR &be receiver thrabold is radIed (typically -8S dBm at 7 GHz
iD today', video receiverI~ !be video SIN drops much more rapidly tban 1be receiver inpuI sip level. In a typical analog
sy8IaI. dnsboId is deft_ when the video SIN reaches ·37 dB. At a receive level ofabout -82 dBm the audio channels
will become very noisy and unusable.

ANALOG VIDEO VS. DIGITAL VIDEO 70Hz
Hueo.... DIGAlOG ANALOG SiN VS. DIGAlOG DIGITAL VIDEO SiN

RECORDED 4/1/97 AT NueOMM INC.
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- DIGITAL THRESHOLD
(160AM = -82dBm)
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RECEIVE SIGNAL LEVEL (dBm)

ANALOG- LOSS or AUDIO" DATA BEF'ORE LOSS OF' VIDEO
DIGITAL- AUDIO &: DATA DETERIORATES WITH VIDEO

Video SIN Vents Receiver Signal Level
for Analog" Digital Systems

Figure 7

TIte D IiDk sbDws a 1aMr video SIN than 1be Analog link for strong receive signal levels. This lower SIN is due to
qt emn in dledipizi"loftbevicleo signal in the Enc:oder. Typically, a 10 bitdilitiarwill give a video SIN of
....60 dB. The.....of the cUBital system is seen as the input signallcvel is teduced. the video SIN remlins constant
at 60 dB. 1biI SIN will be -aWneduntil1be elTOr correcting can no longer handle the error. The system then crashes.
The rault is that the video picture ft'eezes. The point at which the SIN "fall off the cliff'" is generally at or below the analog
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duaboId poD. T1IiI '1'alJ off the clifl" point depends prinwily on the amount oferror correction wt is built into the
Encoder aDdIor the Madulator and the type of modulation used.

NUCOMM pIIIed a 45Mbit~ diaiJal sip with error correction throup the NUCOMM 'OHz FT6IFR6
DIOALOG <AUt'DiaitIJ) tDDIIIIitter aad receiver, the di1f point was 4 dB below (-89 dBm) the system's analog
thr••aId. AD IdditicmIl advantage is that the audio and dala cbanDcls remain at a high SIN level until the clift'point is
I'IICbed. UIiDI 16QAM, the diptal threshold is worse than the anal08 threshold by 3dB. This 'dB reduction in threshold by
uaiq 16QAM instead ofQPSK (as shown in TABLE 1) has enabled us to transmit twice the data rate within the same
bandwidth.

G - STIJLine 01 Sllht Experimental Results:

NUCOMM tested • DiJilal Video Microwave System setup II sbowD in Fipre 8. A ',Mbit QPSK sipal carrying five
video pIOII8IIII pl.- one audio per video was down-liakod fJaaa a USSB satcUite. This sipal was first down-Q)nverted to
70 MHz. TIle 70 MHz sipa1 WU iDpuUed to a NUCOMM 7 GHz DIOALOO radio opezatinl in the Dilital mode. The
0UIpUt ofdie tIIIIIIniUer was...Ilted tluaugh I variable lIIInIIIIer 10 as to reduce the sipallevcl at the receiver input to
well below the receiver tbreshold. 'lbc receiver's 70 MHz output was upconverted to L-band and fed to five satellite
receiwn. Tbe output~ClICh satellite receiver was displayed on a color monitor. The satellite receivers have abuilt in bit
error... counter tbat displays the BER. as sipal strength. Asipal strenIIh readil1l of 100 means tMt there are no errors
beiq dctedcd. Areading of 10 means that there are many enors. Below this level the system crashes. Figure 9 below
shows tbe result measured using a VM700 to measure the video siplll-to-noise and the built-in signal strength BER
indicllor to show bow the bit errors change with the microwave receiver sipal strength. The Analol threshold of the
SJItCJD in the AnaIoI mocfe was measured at -85 dBm. Note that the Oiptal threshold ~r "Clift" point is at -89 dBni. That is
4 dB better than in the Analog mode. Just as imponant is the fact that all five video pictures and audio sound remained
perfect until the "Cliff" point was reached. The difference in signal level between a perfect pieture and a frozen pietme was
1dB.

FIVE (5) SIMULTANEOUS, T.V PRO(~RAMS

TRANSMITTED OVER ONE NUCOMM DIGALOG
RADIO LINk, BY ONE 4: MBIT OPSk SIGNAL

7 CNz NUCCMM STL
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,~ ...
~.

,_._------,
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'V OISI'\,.OlY

Test Setup Cor Measuring Digital Video Performance
Figure 8
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B - Digita' ENG 2 GHz Field Test with Extensive Multi-Path:

WbeIl the subject ofDiJitai VJdco being appJi~ to 20Hz ENO microwave systems issu~ the i~cdiate response
by IDIDY ENG operI&an is that Digital Video wtll never work for ENG bec:au.se they are typIcally faced W1th non­
enJiMered piths in which many shots are made using multiple bounces in high multi-peth enviJonments and these
conditions win CIUIC the picture to freeze thus losing1he shot. and some picture is better than no picture. Furthennore, it
hal been sugested that moderately long Sn. paths will be severely effected by multi-path and selective fading.

To start to answer some of these questions, NUCOMM has recently completed testing of its 2 OHz ENO ~igita1 Video
microwave system in New York City. New York city was chosen because it rqnsents one of the most severe and
dtaUcngins environments for ENG opemtion. The results as given in this section were startingly successful to aU who
participated. The principle objectives of the field tests were:

Digital ENG Field Test

lliTest reliability and feasibility ofdigital MPEG-2
compression and QPSK modulation to digitally transmit an
ENG microwave signal under various multi-path conditions.

•
.compare the audio video quality of the digital signal with a
typical analog FM signal

•
IlAssess how much forvvard error correction is required to
ensure robustness of digital signal transmission in multi-path
environments.

1._teldrMwleqe ad tbuak New York City 'OX statio.~·TV and in particular RIch Paleski (or
p••, die ENG truck. tWr I_pin State Buildl_. CeetnJ Receive site .. well u studio ncordhal equipmeat
1M lUcIa It aleUOlled New York ENG .pacer well Kquainted witll tile many dlmcult multl-ltouace
1M ENG "'au iJI tba. city. I would aJso like to recopize and thank the WEGENER cOfJwrltion who."HeeI tile lacodlalllId IRD equipment.

ne oquipmem CODftgwation for this test is shown in Figure 10. The Analog transmitter was a NURAD 10 Watt model
Prl. III output wu padded down for an output of 3 Watts. The Digital transmitter was a NUCOMM DIOALOO F1'6. Its
power 0UIpUt wu 1.5 Watts. The power amplifier on the mast at the antenna could not be used because it wu operated in
.....aDd caused excessive spectrum spreading. The antenna wu connected directly to the ttansmittcrs through SO f=t
01 Andrew ~ iDch flexible ooax and had a measured loss of 3 dB. The antenna was a NURAD silhouetta antenna mounted
OD a PID and tilt. To ensure stress testing the dipaJ encoder, a difficult 2.S minute video clip ofa J)R'-recorded hockey
.... on BetIlcam-SP was used as source material that included fast camera panning. fast action. high color contrast. and
satuJ'llted colors.
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System Components and Parameters

• Analog Transmission
- Nurad 20PTI Transmitter, operating at -3 Watts
- 17 MHz bandwidth

• Digital Transmission
- Wegcucr OVf 2000 MPEG-2 Digital Encoder and QPSK

Modulator
- Nucomm 20FT6 Digital Transmitter, operating at-1.5 Watts
- Tested encoding ratcs from 9 to 15 Mbps
- Tested forward error correction ratcs of 112, 213, 3/4, and 7/8

• 3 Transmission Paths
- Casc I: Direct Line-of-Sight Transmission
- Case 2: Moderate multi-path (One Bounce + Reflections)
- Case 3: Extreme multi-path (Multiple Bounces + Reflections)

50 ft coax cable
J dB lou

IIlTACMI..,..
III.A'"c ............, . ~

I
I

IGHz
ENGChM4

SlllIGuetta
AnteDD.

10 dB GaiD
WIPAN4 T1LT

WNYW-TV - ENG VAN·TRANSMIITER CONI1GtJRATION

SlJPEaQUAD
STDIltULE
ANTINNA

WNYW-TV· ENG CENTRAL RECEIVE CONnGURATION
at ...EMPIRE STATE BUILDING

Output
Compollte

AudloJVldeo
over
Fiber

to
WNYW-1V

St.don
for

recording
to

BETACAMS'

Figure 10

At .... !!aIpin Stille BuiJdiDa the output from a steerable Superquad antenna was divided and fed both the NURAD analog
receiver aDd the NUCOMM DIGALOO FR6 digital receiver simultaneously. The 70 MHz output from the digital receiver

12
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wallpCOlMlCld to L iliad to teed the IRD decoder. EIdl of the composite outputs from both the analol and digital
I'ClCdw sy-.WII~hick to the studio over aD IIIIIoa fiber tiDk where the outputs were recorded to Betacam
SP tape. Bodl......... weR openatIIld on the same 2 GHz channel. Operating on two different frequencies could have
ncp&ed the tests since muJti-pllh eft'ects would be different

The ftnt three cue 111&1 comPand the audio and video quality of the 2 GHz IIlII10g PM sipal with the quality of the digital
MPBG-2 CCIIJIIlIuud ad QPSK modulated sip UDder tbe followiq tine environments: (1) direct Une-of-sipt
traDIIDiIIioa, (2)....muIti-pl1b trMsmission, and (3) extraae muhi-plth tJIIISmission. In each c:ase, the ENG truck
was locaaed 1tE. 90* sa. aad $I' Ave. and the receive site was tbeEII1IJft StIte Buildina located atE. 33-34dl St and S·
Ave. The....OD baCh die traD8Dit and receive sites were steered accotdiqly to establish the appropriate transmission
eaviroaIDeat. Pi..- 11. 12 ad 13 show tbe direction oftile ENG shots for each of the lbn:c cases respectively. The
procedure for ....up ac:b till was to first cstab1isb die.......pameby and picture quality. The resultant analog
video picture was recorded for 2.' minuCeI. ncn. without moviaa1be antennu, the digital transmitter was connected and
the test repeated. Each digital test was conducted using the data rases and FEe shown in the accompanying table.

Digital ENG Test Site

ENG Transmit Tnlck: E. 90th " 5th Ave.

Empire Receive Site: E. 33-34th "5th Ave.

WNYW-TV Station: E. 67th & 2nd-3rd Ave.

TeltC.. l:
1111 ant..wu • JiM.of-si1ht sbot, u shown in Fipre 11, to make sure that the system was working properly. Both
..........,••;-ovenlI producecl pod pictures for each conftpmdon as shown iD the table and
ICC lIIIpIDYinI tile tpUtlCllell pictures. AJthou&h the ana10I sipl is sarong, the upper analol pcntion shows that there
were dllDlDl multi-pIdlllld posting artifacts., where the lower dililal portion of the picture shows no sip ofmulti-path
or ......

13
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Case 1: Direct Line-of-Sight Transmission

Strong Analog Signal
Very Good Digital Picture

Figure t t

Test Results for Case 1: Direct Line-of-Sight

Mode Bit Rate FEe BW Rev. Signal Level

Analog FM 17 MHz -25 dBm........... ..... , ..... ... - ............... .... . ... -, ... .... . ..... ..~ ....................... . ...

Digital 9Mbps 3/4 8.5 MHz -28 dBm

10.5 Mbps 7/8 8.5 MHz -29 dBm

12.5 Mbps 3/4 12 MHz -28dBm

15 Mbps 7/8 12 MHz -28 dBm

14
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Picture Quality of Analol VI. Dlcital (9 Mbps, 3/4 FEe) Transmission for C1Ue 1: Direct Line-of-Sight

T.t Cue 1:
1)1 s= rredrw.'Isi'" lIWmiMion. is ."riveof typical ENG operatiga conditioN in IIJIior udu
Gi*I New Vog City wllCllWhtjoa III~ obRructions to gbtainig direct line=of-siPt...,
TIllING"'*WM fill ip tbc.. '''l'''W M in the finl !?SA but the...was mmd to 4' sic.... off'o(que North
• "'"-lee - ...- inqgducod in dac. FiCUS 12 shows the second test eeomctry of the fillJll bouncinl of
a I!''''!sf $ ' ••""iMtly hsbipd tbc gNQ Ddt. The r=ived signal measure was lower than the first case but ail!
qui- maaa. TIle .....W...Ii'" sbawecl DOli...........anifacts and color Min,. The quality of this analog
sipII WM C''''t' III. borderIiAc usable pietun: for broadcasting. The digital signal. on the other band, had no problem
lac:kiD1 up and performed perfectly with no ghost or indication of multi-path in the picture for all test configurations~
indicared in Case 2 split screen picture and table.

~..
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Cue 2: Moderate ....,.th
(~118deane"aceSlaet)

Borderline Quality I Moderate Analol Siloal
Very Good Di2ital Picture

Figure 12

Test Results for Case 2: Moderate multi-path

Mode Bit Rate FEe BW Rev. SipaJ Level

AnalogFM 17 MHz -S6dBm...... , .................. .......................... ...... .... ' ... ..... ..................... .........................................

Digital 9Mbps 3/4 8.5 MHz -60dBm

10.5 Mbps 7/8 8.5 MHz -60dBm

12.5 Mbps 3/4 12 MHz -60dBm

IS Mbps 7/8 12 MHz -60dBm
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Plebl" Quality of ADalo1 VI. Digital (9 Mbps, 3/4 FEC) TraDsmissloD (or Case 2: Moderate multi-path

TIltCIle3:
11aI dinI CIIIe taaId extreme muIti-pldl interf'erence comprising of multiple reflections and scattering from buildinp and
P1IIliy tMD IIIGV'iDIvehida. Hen: the ENG truck antenaa aimed in the general direction toward the west side of Central
.....1IIon iD Fipn 13. The resulting transmitted analog signal was severely degraded to the point where it was not at......_."'JIIM....... 1)'IlCbronizer bid to be "et to I'JCIiye the pjcture. The analog video had significant
".d.1I'dIIc:tI aad the audio had severe brakup. The studio reponed IlIaI the picture quality was too poor to broadcast
Wida the digital signal using an FEe of 3/4, the IRD Decoder had no problem locking on the signal and produced a perfect
picture.

1110 bacIrey picbue Jbown below is a split image of the same video picture 1J'JDSmi1led in both anaJoa and diStal moda.
1111•••pI, !!IMnm ill tile..half, contains very noticeable &hOlling artifactS and color distortions. The digital
pft' on the odw hpd. located in the lower half. is a clean, well-defined picture with no multi-path or noise.
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Case 3: Extreme multi-path (...- 90 degree Bounce Shot)

..-'

Unusable I Weak Analog Signal
Very Good Digital Picture

Figure 13

Test Results for Case 3: Extreme multi-path

Mock Bit Kalil FEe BW Rcv. Siln.1 Level

Aa.,FM 17 MHz ·70dBm.......................... .......................... ... .......... .. ........ ....... .. ... .. .... ...................

Dili&al 9Mbp1 3/4 8.~MHz ·74dBm

lO.~ Mbpl 7/1 1.5 MHz ·74 dBm

12.Hfbpl 3/4 12 MHz -73 dBm

l~ Mbp. 7/8 12 MHz ·73 dBm

IMbpI 2/3 UMHz -72dBm

6Mbpt 1/2 l.jMHz: -72etBm

4.5 Mbpa 3/4 4.j MHz -74dBm

4.5 Mbpa 1/2 6.5 MHz ·72dBm
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Picture Quality ofAnalol VI. Dilital (9 Mbps, 3/4 FEC) Transmission for Case 3: Extreme multi-pam

Test Cue 4:
A fourth tell shot was paformed from in flout of the WNYW studio as shown in the map ofFigure 14. The Empire State
BuiJdinI was DOt visible from this loc:ation. Line ofsiaJtt was blocked by nwnerous high rise buildings. The shot was
blindly esIIblished by penniDl tbe antenaa so as to shoot down an alley between two tall building and reflectilll the sip
offatleut two otberbuildinp. 1'bc JaUltant analog picture was both suitable for broadcasting. When the digital sipal was
transmitted. a perfect picture was consistently received.

Tbc resuUs of these tests, which pleasantly surprised all concerned. clearly show that Digital Video. when used for ENG in
the 2 GHz band, consistently produces a picture equal to and in most cases superior to the analog transmission system.
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ENG Double Bounce Shot

Results -Very Noisy AnatoR with Multi-Path
Perfect Digital Signal

Figure 14

Summary
• Dilital transmission makes more efficient use of

frequency spectrum
- -a.s MHz bandwidth as compared to 17 MHz anal02

(approximately double efficiency)

• Diaital tnnsmission provides cleaner siaoal
- no Rhostin. artifacts .

• DiRital tnnsmission provides a superior siaoal in
multi-path environments
- dlaital transmission allows employin2 techniques such as forwar

error correction to provide a more robust si2nal over anal02
transmission

- ETC•••
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Coaelusioas:
We bI¥e pIIIDtad.
• an overview olbow tile Dilifal Video Microwave lechnolol)' will be applied to~ and ENG systems.
• IClUIIIIbonfaIy IIId ftcId results oftests conducted by NUCOMM using Digital Video Microwave Systems

in sn. and ENG IppUcadODS.

,.... .... sbaw thai appIyiDa diabI video c:ompreaion, QPSK moduJadon. aDd forward error correction for Sn.. and
!NO.,... can COJ*MI ftequeIIcy IpICUUIIl and yicIdI superior video and audio quality and performance aquallo and
...........,..UDdIr1lada",_ multi....enviRHunents. Tbe dip" ENG ficlcl tests specifically showed
............. of9 .....yielded IUftIcieat audio IIId video quality lUId a forward cnor correction rate of~ provided
11I1' .. enar pIOIICtioa tar III tile lilt c:a-. iacludinc 0XINme mukip8lh-inrIIferencc even when usiDl dcmandinB source
T 2 ... IUCb • abe bacby....-paeace. 'Ibis COIIIbiDldoa (9 Mbps, %FBC) not only n:suIted ill superior video and
..cpIIIfty bat aIIol1ql1illd Oldy WtIIe aaal01 PM.."",Ilion bInclwidths.. Higher order moduIadon codes for STL
1D GUIIIM IplIlCtnUII illdvisl61e. Furtbcr tests arc needed. The use of 16QAM modulation for ENG needs further testing_
RoMver. this ud higher order codes will be more susceptible to multi-path and oUler interference.

n...were performed without the use ofadaptive equalization in the Digital Demodulators. Equalization was purposely
...so • to masure the uncorrected muld-palh cfl'ce:ts on such a system. The usc ofadaptive equalization can only
ftIdIIIr improYe the pcrformaDCC ofDigital Video systems. Further tests arc planned using I6QAM and adaptive
.Ibwion.
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